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suMMARY

A flightinvestigationwasconductedusingfourrocket-propelled
modelsoflow-aspect-ratiotaillessconfigurationsbetweenMachnumbers
of0.7and1.35. Theconfigurationsutilizedin theinvestigationwere
a 45°delta-wingmodelwithNACA63AO1Oairfoilsectionsparallelto free

b stream,a 45° delta-wingmodelwithNACA63AO06airfoilsectionsparallel
to freestream,a 37.5° swept-tapered-wingmodelwith”NACA6~AO12sec-

tionsperpendicularto qmter chord,anda 39° swept-tapered-wingmodelJ. withNACA64A036airfoilsectionsperpendiculartoquarterchord.In~or-
mationwasobtainedon thestaticanddynamiclongitudinalstabilityand
dragcharacteristicsnearzeroliftby analyzingthefreelow-amplitude
oscillationsinpitch.

Theresultsindicatedthatthedampinginpitchwaslowatlowampli-
tudesthroughouttheMachnumberrangeinvestigated.At subsonicspeeds
thedsmpingwasstable;whereasat transonicspeedsthedsmpingwas
unstable.At lowsupersonicspeedsthedampingof thedelta-wingmodels
wasunstable;whereasthedampingof theswept-wingconfigurationswas
stable.

INTRODUCTION

Theaerodynamicproblemsassociatedwithhigh-speedflighthave
causedradicaldeparturesin aircraftdesign.Manyaircraftconfigura-
tionshavebeenproposedandoneoftheseis thelow-aspect-ratiotail-% lessconfiguration.Onedisadvantageof thistme of configuration,
however,isthat,attransonicandlowsupersonicspeeds,thedynamic

.
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longitudinalstabilityislow. In ordert~providebasicexperimenta~
dataonthisphenomenon,thePilotlessAircraftRese@chDivisionhas
beguna flightinvestigationtodeterminethedynsmiclongitudinalsta-
bilitycharacteristicsoflow-aspect-ratiotaillessconfigurations.The
presentpapercontainsthefirstresultsfromtheflighttestsoffour
rocket-propelledmodelsofthisinvestigati~”n;a 450delta-wingconfig-
urationincorporatingNACA63AO1Oairfoilsections,a..h5°delta-wingcon-
figurationincorporating63AO06airfoilsections,“a37.50swept-tapered
wingconfigurationincorporatingNACA641A012airfoil,sections,anda 39°
swept-taperedwingconfigurationincorporatingNACA64AO06sections.The
dataarepresentedovera Machnumberrange.of0.7to1.35corresponding
to a Reynoldsnumberrangeof5.2x 106to14.3x 106,–respectively.

Thestaticanddynamiclongitudinalstabilitycharacteristicswere
determinedbyanalyzingthefreeoscillationsofthemodelsastheytra-
versedthespeedrangeandthedragcharacteristicsweredeterminedfrom
thedecelerationofthemodels.Themodelswereflowri-attheLangley
PilotlessAircraftResearchStationatWallopsIsland,–Va.
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T2 timerequiredforshort-periodoscillationto doublein
amplitude,sec

k reducedfrequencyparameter(basedonrespectivemean
aerodynamicchordofmodels),‘~

‘Y momentof inertiainpitch,slug-ft2

c% staticstabilityderivative

acm
cm = z j Perradian
q a%

a~mc%= — , perradian
g~

cLa slopeof theliftcurve

* C%M dragcoefficientnearzerolift(basedontotalincluded
wingareas)

*
C%rim

trimliftcoefficient

a angleofattackofbody,deg

atrim trimangleof attack,deg

&= 4- Q, radian/see
57.3dt

‘9 angleofpitch,radians

i= ~, radians/see

u) frequencyof short-periodoscillation,radians/see
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MODELS

Thegeneralarrangementsof
thegeometriccharacteristicsof

ANDAFPARATUS . ._-r=-

themodelsa%eshowni%figure1, and‘ -.,

themodelsarepresent%din tableI. ; “-
Photographsof themodelsareshowninfigure2,-anda.~hotographofa
typicalmodel.booster’combinationis.shownin_figure,3LEachmodelcon: ..
sistedof a basicfuselagetowhichwasattachedthewipgundertest.
Thefuselagewasa bodyofrevolutionoffinenessrati@~lO,consisting
ofan ogivalnosesectionanda cylindricalb“o@.ysecti~~.Construction
of thefuselagewasprincipallyof d~al~n withmagnesiumskin.The
nosesectioncontainedthetelemeter;thecylindricalbodysectioncon-~ ‘“–
tainedthewingmountandnecessaryfairingsjthesusta~nerroc-ketmotor,

J-

andtheverticaltails. .— —

Thewingsofthemodelswereconstructedprincipallyofwoodwith‘“
sheetaluminuminlays.Theverticaltailswereconstru~tedof duralumi”n.

Allmodelscontaineda four-channeltelemeter;mea%&ementswere =
madeofthenormalandlongitudinalaccelerations,angleofattack,and
totalpreseure.Theangleofattackwasmeasuredby a ~ane-t~einstru-
mentlocatedona stingforwardof thenoseo~themodels(ref.1),and_
thetotal-pressuretubewaslocatedona strutbelowtl@fuselageof the
models. -. ..

Additionalvelocitydatawereobtainedby CWDopplerradarset; ‘“
-.,

rangeandelevationofthemodelsduringflight,by tra~kingradar;
atmosphericconditions,by a radiosonde;thefirstport@noftheflights
wasrecordedby specialcameras. — .

Eachmodelcontaineda corditesustainerrocketmo~orandwasboosted
by a light-weight5-inchHVARrocketmotor.Uponburnoutofthebooster
rocketmotor,themodelseparatedfromthebooster,andthesustainer“.

*: –.
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rocketmotor-wasfiredso~hatthemodel%s ~rope~led
speed.Uponburnoutofthesustainermotor,themodel
thetestspeedrange. .

Allbooster-modelcombinationswerelaunchedfrom
launcheras showninfigure3.

TestTechnique
1

tothemaximum ‘“- ‘
coastedthrough_. —>
. —

—
a rail-t~e ““ ~ >.

Themodelswereallowedtoflyfreelytti-oughoutt~ testspeed
—. ——.

rangeandwerenotforciblydisturbedinpitch.Themod~lsexperienced
freeoscillationsfromaboutM = 0.83 toab&t M = 1.~”5jatMachnyn-

.-
<“

herslessthan M = 0.83 thesefreeoscillationswerenatapparent.

.

*-
co ‘“ ““”-”“-......-.*.
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-

\ Thedesiredstaticanddynamiclongitudinal

5

stabilityderivativeswere
obtained,whereverpossible,fromtheseoscillations.Inallcases,
thetraceof thenormalaccelerometerwasusedtoreducethedata.For

. eachoscillationused,thedynamicpressureq wasconsideredconstant
duringthatoscillation,sincetheerrorcausedby a changein q was
negligible.Rolldata,notpresented,indicatedthatforallmodels
therateofrollwasapproximatelyzero.

—

Thescaleof thetestsispresentedinfigure4 by a plotofReynolds
numberagainstMachnumberforeachof thefourmodels;theReynolds?ium-
berisbasedon therespectivemeanaerodynamicchords.Figure5 is a
plotofthevsriationof dynamicpressureagainstMachnumber.

RESULTSANDDISCUSSION

Themethodofreducingthedataandtheaccuracyof theresultspre-
sentedhereinaredescribedin detailinappendixA ofreference2. A
discussionofthemethodofobtainingthetotaldsmpingfactoris included
in thispaperunderthesectionentitled“DynamicLongitudinalStability.”

Allofthestabilityparameterspresentedinthispaperweredeter-
b minedfromthecoastingphaseof theflightsandarefora center-of-,

gravitypositionof 17percentofthemeanaerodynamicchordbehindthe
leadingedgeofthemeanaerodynamicchord.

TimeHistory

A typicalreducedtimehistoryof themotionsencounteredduring
theflightsispresentedinfigure6 wherethetraceofthenormalaccel-
erometerandtheMachnumberareshownasa functionoftheflighttime
overwhichthefreeoscillationswereexperienced.It isbelievedthat
thesefreeoscillationsareassociatedwithlowanglesofattackand ‘
wouldnotoccuratmoderateorhighanglesofattack.Theamplitudesof
thefreeoscillationsasrecordedby thenormalaccelercnneterweresmall
(maximumvariationisoftheorderof+l.Og)andcorrespondtoan angle-
of-attackrangeof?0.5°.

Itmaybe seenfromfigure6 thatmodel3 (sweptthick-wing-config-
uration)experienceda longitudinaltrimchangebetweenflighttimeof
7.3secondsand10.9seconds,correspondingto M = 1.00 and M = O.@,
respectively.Thistrimchangewasabout0.22trimliftcoefficientaqd
correspondedtoa nose-downchangeintrimangleofattackofabout0.2°.

u Model3 alsoexperienceda low-liftbuffet,notshown,betweenflight
timesof7.3secondsand7.7secondscorrespondingto M = 1.00 and
M = 0.94,respectively,thefrequencyofwhichwasabout135cyclesper

. second.
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Models1,2,andk didnotexperienceeithera longitudinaltrim
.

e
changeora low-liftbuffet.

—

.

StaticLongitudinalStability
.

Thestaticlongitudinalstabilitycharacteristics,theperiodsof
—

thefreeoscillations,andthestatic-stabilityderivativearepresenled . .
infigure7 foreachof themodels. \

Theperiodsoftherandomoscillationsarepresentedin figure7(a)
whereit canbe seenthatthereis considerablescatterinthedatafor
eachofthemodels.Itwaspossible,howev-r,to faiicurvesthrough
thetestdatapointsandthefairedcurvesindicatea decreaseinperiod

.

withan increaseinMachnumber.Thisvariationof theperiodwithMach
numbercomparesfavorablywithotherrocket=poweredmodelsoflikemass
andflightcharacteristics.

Thestaticstabilityderivative,c%’ foreachofthemodelsis

presentedinfigure7(b)wherethevalues–obtainedarebasedon-asystem
witha singledegreeoffreedom(becauseofthelow-m–plltudeangle-of-
attackvariation)andwerecalculatedby the
e~ression

c~. -0.688$

wherethevaluesof P weredeterminedfrom

useofthefollowing

*

+
—

thefairedcurvesofthe‘
periodsoftherandomoscillationsagainstMachnumber;

Thestaticstabilityderivativeofeachofthemodelsincreased .
rapidlywithincreasingMachnumberthrough-thetransonicspeedregion
andthendecreasedsomewhatas theMachnumberbecamegreaterthanone.

DynamicLongitudinalStability

Theequationforthefreeoscillationsofa systemwithtwodegree’s ‘-’
offreedomisas follows:

an
()
an + Ke+bt(sinti+ qJ) -— = Z- trimg

()where ~ isthemeanvalueaboutwhichthenormalacceleration“’
-T-

g trim
oscillates,K isa constant,and b isthetotalda~ingfactor. .
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ThiEItotaldampingfactormaybe determined
enclosingtheoscillationsas

‘2 - ‘1

7

fromtheenvelopecurves

where ta - t~ istheperiodof theoscillations.Thistotaldamping
factoristhegtruedampingofthesystemandincludesthecontributions
of themomentduetomotionalonga curved”pathat constantangleof

“ themomentduetoplungingmotionwithconstantvertical
attackc%’

- andtheslopeofthelift-curve(seeappendixA
acce’-erationc%’
ref.1).

Fromthetime‘historiesofthemotionsencounteredduringthe
of themodels,thetotaldamPinE factorwasobtained.“Figure6 is

of

fl~ghts
a

typicaltime&storyofmoti~n& whichenvelopeshavebe~ndrawnand
trimvaluesdeterminedfor”eachoftheoscillationsusedtodetermine
valuesofthistotaldampingfactor.

\Thedynamic-ongitudinal-dtabilityparameters,thetotaldamping
* factor,andthetimeto damptobothone-halfamplitudeanddoubleampli-

tudearepresentedinfigure8 foreachof thefourmodels.

. Thevariationof thetotaldampingfactorb withMachnumberis
presentedin figure8(a). Eachmodelshowsan abruptdecreaseinthe
totaldampingfactorfrom~ositive(stable)to negative(unstable)values
forrelativelysmallincrementsofMachnumberat highsubsonicspeeds.
As theMachnumberincreasesthetotaldsmpingincreases;becomesstable
fortheswept-wingconfigurations,butremainsintheunstableregionto
thelimitof theMachnumbertestedforthedelta-wingconfigurations.

Itmayalsobe seenthatthedelta-wingconfigurations(models1
and2)becamedynamicallyunstableata lowerMachnumberthantheswept-
wingconfigurations(models3 and4). Thedelta-wingconfigurations
remainedunstableoverwiderlimitsofMachnumbersthandidtheswept-
wingconfigurations.Whenmodels1 and2, thick-delta-wingconfiguration
andthin-delta-wingconfiguration,respectively,arecompared,itmay”be
seenthatmodel1 (thickwing)becameunstableat a lowerMachnumber
thanmodel2 (thinwing)andbothmodelsremainedunstableto thelimit
of kch numbertested.Bothmodels,however,hadaboutthesamemount
of dynamicinstability.Whenmodels3 and4,thick-swept-wingconfigu-
rationandthin-swept-wingconfiguration,respectively,arecompared,

L model3 (thickwing)@d bettertotaldampingcharacteristicsthanmodel4
(thinwing)andtheregionofdynamicinstabilityformodel3 wassmaller

.
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thanmodel4. Of thefourmodelstested,model
ration)experiencedtheleastamountof~“namic
theMachnumberrangeinvestigated.

NACARM L52G09

3 (t~ck-sweptconfigu- d–.-.
instabilitythroughout ‘- -

Althoughthesefreeoscillationsshowedthatallthemodelshad
lowdyqamicstability,themotionswerenotviolentandthemodels
traversedthespeedrangewithnoadverseeffects.~n theeventthat-
an artificialdsmper,whichwouldbe usedto dampt~~e oscillations,–
wereto becomeinoperative,theresultswouldnotbe–catastrophic.

Fromthetotaldampingfactorb thetimeto &p to one-half
amplitudeT1/2 andthetimeto doublearijlitudeT2 isobtained.
Thesedataark-presentedinfigure8(b)whereitcanbe seenthat,for
eachofthefourmodels,both T1/2 and T2 indicatethatthemotions
ofthemodelsconvergerapidlywhenstable“anddiver~erapidlywhen
unstable.Itmaybe seenthatthedamping-ismoresensitiveto changes
inMachnumberattransonicspeedsthanat supersonicspeed.

Whenfigures7 and8 arecompared,it-maybe seenthateachmodel

—

——

—
. .

—.

wasstaticallystablethroughouttheMach
dynamicallyunstable,tovariousdegrees,

OrderofOscillation

—
numberrangeinvestigatedbut
i-nthetra~sonicspeedregion. ~“

1
* -

Frequency=
..

Therandomoscillationsofthemotionsencounteredduringthe “ ‘:-w
flightsof themodelswereanalyzedfurther”inorderto determinewhet~r
unsteadyfloweffects,namely,theeffectsofhigher~rderfrequency-
terms,shouldbe accountedforinthereductionofthedata.

Fromthefairedcurvesof theperiodsoftheshotit-periodoscil-

lationsofeachmodel,thereducedfrequencyparameterk = ‘~ (based

onrespectivemeanaerodynamicchords)wasdeterminedandthemaximum
valueobtainedwas k = 0.0245.Becausethemaximumvalueof k““was:
small,itisbelievedthattheeffectsofunsteadyflowsarenotrequired
inthedetermination
cases.

ofthedamping-in-pitchderivativesinthepresent
—

RotationalDampinginpitch . d

Thetotaldampingfactorb as obtainedformodels2, 3,and-hwas
reducedto determinetherotationaldamping-in-pitchderivatives
c “+C forthesemodels.Sincevaluesoftheslopeof theliftcurve

*“
% %

—

CLcouldnotbe determinedaccuratelyin thesetestsbecauseoflow
—

--

b _____.+EQWCONFI13E
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anglesofattack,thederivatives~q + C% weredeterminedfromthe

totaldampingfactorb by applying&cperimentallydeterminedvalues
of cLa obtainedin othertests.Thevariationof C~ withMach

numberformodel2 wasobtainedfromreference3 andformodel3 from
reference4. withMachnuniberformodel4 was

w ‘=iati”n‘f c%
obtainedfromreference5 to M = 1.18.At higher~ch numbers,the
value

C&
wasextrapolated.

A comparisonofthevariationof ha + C% withMachnumberof

thedatareportedherein(models2, 3, an~4),thedataas obtained
fromreference6,-thetheoryofreference7 (centerof gravityat
17percentmeanaerodynamicchord),thedataofreference8, andthe
dataofreference9 arepresentedin figure9. Thecorrelationof the
datareportedherein,model2 (thin-delta-wingco iguration),with
othertestsis fair. 7 )Theregionsof instabilityCmq+ C% positive,
however,arebelievedtobe ingoodagreementwhen’it.-is.consideredth~t
thetestswereconductedattwodifferentcenter-of-gravitypositions.
Theseresultsaresubstantiatedby theanalysispresentedin reference6
wherea theoreticalstabilityboundary,basedontwodegreesoffreedom,
wascalculatedas a functionofcenter-of-gravi@position.A delta-
wingconfigurationwithcenter-of-gravitypositionat 17percentmean
aerodynamicchordwillexperienceinstabilityoverwiderlimitsofMach
numberthanonewithcenter-of-gravitypositionat 35percentmeanaero-
dynamicchord.Thesupersonictheory(centerof gravityat17percent
meanaerodynamicchord)andthedataofmodel2 showagreementnear
M= 1.3.

Thecorrelationofthedataofmodel3 (thick-swept-wingconfigura-
tion)withtheresultsofreference8 is good. Boththesubsonictest
results(ref.8) andthedataofmodel3 indicatepositive(unstable)
valuesof Cm + C

%
abovea Machnumberof0.92.Thedataofmodel3

q
indicatethattheregionof instabilityis narrow,aboutM = 0.92 to
M= 0.98.

Thecorrelationof dataofmodel4 (thin-swept-wingconfiguration)
withthetestsofreference9 is fair;thereferencetestsindicatea
lowerMachnumberforinstabilityM = 0.85 thantheresultsofmodel4
M = 0.93. Possiblereasonsforthisvariationarethattheconfigura-
tionofreference9 containedblunttrailingedgesinthedive-brake
region;whereasmodel4 didnotcontainanysuchdevice.Thegeometric
characteristicsofthetwoconfigurationswerealsosomewhatdifferent.

.
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DRAG 4 “–

Thedragcoefficientnearzerolift CDcm basedon totalwing .

areais showninfigure10forallmodels.Models1 and3 (thick-wing
configurations)experiencethediagriseatlowerMach-numbersandhave
highersupersonicdragthanmodels2 and4 (thin-wingconfigurations).

CONCLUDINGREMARKS

Fromtheresultsoftheflighttestsofthefourtaillessmodels
of low-aspect-ratioconfigurations,a 45°delta-wingconfigurationincor-
poratingN~CA63A01Qairfoilsections,a 45°delta-wi~configuration
incorporatingNACA63AO06airfoilsections,a 37.5°swept-tapered-wing
configurationincorporatingNAC.A641A012airfoilsections,anda 390
swept-tapered-wing,configurationincorporatingNACA64AO06airfoilsec-
tions,thefollowingconcludingremarksmaybe stated:Allmodelsexpe-
riencedlow-amplitudefreeoscillations”throughoutthespeed,range
investigated;themodelswerestaticallys“tablethroughouttheMachnum-
berrangeinvestigatedbutweredynamicallyunstable,~ovariousdetie<s,
attransonicspeedsforlowamplitudes.‘ “ .,+ ,...

LangleyAeronauticalLaboratory
.

NationalAdvisoryCommitteeforAeronautics -
.. --

LangleyFieldyVa. .,

—

—

.-

—

.-

..

.—.

,,6
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(b)Swept-wingconfigurations.

Figure1.-Concluded.
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